According to utility maximization theory, individuals should prefer options that maximize overall utility regardless of the order of outcome events (Kahneman & Tversky, 1979) . However, Kahneman and colleagues showed that people preferred a longer duration of a painful water bath that ends slightly less painfully to a shorter one that does not change in pain intensity, even when the former option entailed more cumulative pain overall (Kahneman, Fredrickson, Schreiber, & Redelmeier, 1993) . Similarly, Redelmeier and colleagues (Redelmeier & Kahneman, 1996; Redelmeier, Katz, & Kahneman, 2003) showed that colonoscopies were rated less unpleasant when they lasted longer but ended more gently to those that were significantly shorter but did not change in intensity. Aversive loud noises were also rated as less negative when ending on a less aversive note (Schreiber & Kahneman, 2000) . These findings run counter to the principle of maximizing overall utility and suggest a peak-end rule in humans whereby alternatives that end less negatively are preferred, even at the expense of overall utility maximization.
The examples mentioned so far involve negative, aversive stimuli, but positive stimuli show similar effects. Both adults and children (elementary and middle school) subjectively rated their experience higher when receiving a high-valued reward by itself (a highly-rated DVD movie for adults, candy for children) against a higher valued reward followed by a lower valued reward (a lower quality movie for adults and a less desired candy for children ; Do, Rupert, & Wolford, 2008) . In another study, people rated advertisements more positively when the interval length between their highest positive feelings for the advertisement and the end of the advertisement was shorter, and they rated them more negatively when the interval length was longer (Baumgartner, Sujan, & Padgett, 1997) . These results suggest a peak-end preference whereby people rated a subjective experience based on how well the experience ended, even at the expense of overall utility. Although significant differences have been found between testing paradigms that use choice preferences versus subsequent outcome evaluations (see Wilson & Gilbert, 2005) , the peak-end effect appears to hold for both ratings (Baumgartner et al., 1997; Do et al., 2008; Redelmeier et al., 2003; Schreiber & Kahneman, 2000) and choices Redelmeier et al., 2003) .
To determine the generality of order preferences among primates, it is important to conduct a comparative analysis with other species. Some chimpanzees have been found to exhibit a selectivevalue effect whereby individuals appeared to value equally a higher valued food item in isolation and the same higher valued item in conjunction with a lower valued one. The suggestion was that the lower valued food item was of no value in the presence of the better one (Silberberg, Widholm, Bresler, Fujita, & Anderson, 1998) . However, it was unclear whether there was any order preference since the food items were offered simultaneously. Furthermore, chimpanzees switched their preferences to the food mixture when the study was conducted with equalized trial lengths and longer delays between trials (Beran, Ratliff, & Evans, 2009) , suggesting utility maximization trial by trial when the chimpanzees were unable to receive the preferred item in quick succession across trials. Notably, however, when the chimpanzees chose the food mixture, they tended to eat the preferred food item first the majority of the time (Beran et al., 2009) .
The result for rhesus monkeys have been inconsistent, although related studies have shown them to be relatively impulsive and also subject to cognitive biases such as the selective-value effect. Evans and Beran (2007) showed that rhesus macaques rarely exceed a 30-s delay in a delay-maintenance task, while great apes (chimpanzees and an orangutan) averaged up to 180-s delays in the same task (Beran, 2002) and upwards to 300 s in some chimpanzees (Beran, Savage-Rumbaugh, Pate, & Rumbaugh, 1999) . Thus, rhesus monkeys appear to be more impulsive than the great apes. In addition, Hayden, Heilbronner, Nair, and Platt (2008) found that rhesus monkeys were significantly more sensitive to changes in high-reward outcomes than to changes in low-reward outcomes; and they may also show a selective-value effect (Silberberg et al., 1998) in which a larger reward may draw attention away from a smaller one.
Heightened impulsiveness and sensitivity to the higher valued rewards might imply a peak-first preference when goods are obtained sequentially, and this effect could be due to the preferred food dropping in value the longer a subject has to wait for it (Hayden & Platt, 2007) . However, it is possible that there is something special about the order of receiving outcomes that is independent of delayed discounting and risk assessment. Humans use aphorisms such as "save the best for last" or "all's well that ends well", which reflects the effect of order independent of time or the risk of losing the final reward.
Overall, then, there is evidence for order preferences in humans and some nonhuman primates, but the effects are mixed, and the number of species tested so far is relatively small. In the current study, we tested rhesus monkeys (Macaca mulatta) to determine whether they would exhibit an order preference. Due to heightened impulsiveness and sensitivity to large rewards, we hypothesized that the rhesus monkey choices would be affected by order and, furthermore, that they would more likely exhibit a peak-first preference-that is, preferring to receive the best item first rather than last.
GENERAL METHOD
If A represents the higher valued item, and B represents the lower valued one, we represented the sequence of receiving A then B as A → B, and the sequence of receiving B then A as B → A. We tested A → B versus B → A directly to determine whether order of outcomes influenced rhesus monkey choice behaviour. Given the comparative literature discussed in the introduction suggesting a peak-first preference, for the current experiment, we hypothesized that all monkeys would prefer A → B over B → A.
Subjects
We tested three male rhesus monkeys, denoted as monkey T, P, and H, ages 9, 7, and 7 years, respectively. All monkeys were maintained at approximately 95% of their ad libitum weights. The monkeys were housed in a homeroom and were rolled to the testing room in our laboratory in custom-made chairs. All three subjects were used in one response time and one forced-choice behavioural experiment (Knight, Klepac, & Kralik, 2011) . All experiments in this report complied with all current laws and regulations of the United States, the United States Department of Agriculture (USDA), and the Institutional Animal Care and Use Committee (IACUC) of Dartmouth College for the use of animals in research.
Materials
In the test room the monkey's chair was placed across a table (30 inches) from the experimenter. The monkey sat in the chair, with his left arm loosely restrained (using a custom-made metal ring attached to the chair around both the upper and lower arms) and the right arm free to reach. The custom-made chairs were used for tighter experimental control over behaviour. Two grey opaque canisters were used as stimuli. Using construction paper covered by clear tape, we changed each canister's lid to a particular colour that was easily viewable by the monkey. The colour corresponded to each reward contingency described below (see specific methods and tables for all experiments). In Experiments 1-4 for monkeys P and H, and Experiments 1 and 4 for monkey T, a button panel consisting of two unlit buttons was centred in front of the monkey. We removed the button panel for monkey T in experiments where he exhibited protracted side biases during learning of the reward contingencies (removing the panel relieved these biases). We removed the button panel for all monkeys in Experiment 5. The monkeys made selections by touching one of the two buttons corresponding to the canister lid presented across from it. When the button panel was removed, the monkeys made selections by directly touching the canister's coloured lid. All experimental sessions were videotaped.
Procedure
We tested each monkey on one session per day. Each session consisted of 10 familiarization trials and 30 experimental trials. With this total number of trials, there was no evidence of satiation effects (all monkeys ate the food items in all sessions). The purpose of familiarization was to allow the monkeys to learn the coloured lid and reward contingencies, which did not change within an experiment. During familiarization, one canister was presented per trial, randomized among the two different colours (for colour and reward contingencies see tables within each individual experiment) in the experiment and two different positions (left or right). This procedure was modified for monkey T in Experiments 2, 3, and 5 to facilitate the learning of the reward contingencies: Two canisters were used in familiarization, with the second one having a red lid and yielding no reward upon choice. Upon choice in both procedures, the canister's lid was pointed back towards the experimenter so the food within it was not viewable to the monkey. The lid was then removed, and the monkey received the THE QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY, 2011, 64 (12) 2303 RHESUS MONKEYS LACK A CONSISTENT PEAK-END EFFECT contents based on the experimental contingencies. The intertrial interval was approximately 8 s.
All experimental trials were conducted using a two-alternative forced-choice procedure. Each trial began when the experimenter held two closed opaque canisters 9 inches from the edge of the button panel, or 18 inches from the monkey if the button panel was not used. We held the canisters at an angle so that the coloured lids were easily viewable to the monkeys, held them in place until the monkeys had looked at the alternatives for approximately 3 s, then brought them forward to the edge of the button panel or within reaching distance of the monkey if the button panel was not used. Canister positions were pseudorandomized so that the same positions did not occur more than twice in a row.
To minimize potential inadvertent cues from the experimenter, several procedures were implemented: (a) White noise was played to minimize any auditory distractions; (b) the experimenter wore a white lab coat, mask, safety goggles, and medical gloves throughout the session; (c) five different experimenters tested the monkeys, following a stereotyped procedure, and we obtained no differences between experimenters.
Three significant sessions (two-tailed binomial tests per session, p , .05) or 10 consecutive nonsignificant sessions were required from each monkey before moving to the next experiment. The three significant sessions were not necessarily consecutive. We therefore considered the overall preference to be the average over all trials from the first significant session to the last significant session. We started with the first significant session because in some cases the monkeys needed extra time to learn the reward contingencies associated with each colour. Once there was one significant session, we obtained two more to verify stability. Ten consecutive nonsignificant sessions were taken to mean there was no preference by the monkey.
Food preferences were conducted to determine the superior/inferior food items. It was important for the inferior item to be consumed when presented alone so that it was not aversive and was of positive value. Because monkey P did not eat sugar snap peas as readily as monkeys T and H, green beans were used for that subject. After informal preference testing to determine the best food items to use (selecting a highly valued and lower valued item) prior to the study, we conducted one formal 30-trial session per monkey to verify preferences. All monkeys selected one grape over a half vegetable (green bean for monkey P, sugar snap pea for monkeys H and T) on every trial. We denoted the superior item (the grape) with the variable "A" and the inferior item (a half vegetable) "B".
EXPERIMENT 1 Method
Subjects, materials, and procedure These were as listed under "General Method".
Specific procedure
Selection of one coloured lid resulted in the monkey receiving a grape, followed 4 s later by a half vegetable, denoted as A → B. The 4-s delay was added to provide time for the monkey to consume the food item. The other coloured lid gave a half vegetable, followed 4 s later by a grape, denoted as B → A. Table 1 shows lid colours and contingencies for each monkey. Note: A monkey selected from two canisters with coloured lids. Choice of one canister resulted in a half vegetable followed 4 s by a grape (B → A), and choice of the other resulted in a grape followed 4 s later by a half vegetable (A → B). Monkeys were given different colours in the experiments to avoid colour confounds.
Results
As shown in Figure 1 , all three monkeys (P, H, and T) exhibited a significant preference for A → B over B → A, consistent with a peak-first rather than peak-end preference. 
Discussion
Rather than displaying a possible peak-end or recency effect by preferring the outcome with the last and most recent best experience, the monkeys clearly preferred the alternative with the best item received first. This result potentially contrasts with humans, in which we appear to have a peak-end, recency preference. Given that rhesus monkeys may display the selective value effect and ignore the lower valued item (B; Silberberg et al., 1998) , it is not clear how much the choice behaviour of any of the monkeys can be explained by order versus simply the delay of the preferred food item (A). In Experiments 2 and 3, we attempted to determine whether the lower valued item (B) affects choice in both the second and the first positions.
EXPERIMENT 2
In Experiment 1 we tested two different outcome orders against each other directly: A → B versus B → A. However, it was important to determine whether both food items in the sequence actually affected choice. Thus, in Experiments 2 and 3, we attempted to determine whether the lower valued item affects choice both in the second and in the first positions. In Experiment 2, we determined the value of B in the second position by comparing A → B to A alone. If B is of positive value, A → B should be preferred to A alone. If B is of zero value and not affecting choice, removing it should have no effect. That is, the monkeys should be indifferent to the choice alternatives. If B has negative value, A alone should be preferred. This last finding would be comparable to that of Do et al. (2008) , in which people preferred A alone to A → B.
Method
Specific procedure
Choice of one coloured lid resulted in the monkey receiving one grape, followed 4 s later by a half Figure 1 . Experiment 1 results, with one choice giving a grape followed 4 s later by a half vegetable (A → B), and the other giving a half vegetable followed 4 s later by a grape (B → A). The y axis plots the mean percentage of trials that each monkey selected (A → B) from the first significant session to the third significant session. Error bars are standard errors of measurement, the dashed line at 50% is random performance, and asterisks represent each monkey's chi-squared (χ 2 ) p-value across the sessions: *p , .05, **p , .01, ***p , .001. vegetable (sugar snap pea or green bean), denoted A → B. Again, the 4 s allowed the monkey to eat the grape before receiving the vegetable. The other coloured lid led to the monkey receiving one grape, followed by a 4-s delay, denoted as A → [ ]. We added the delay to maintain comparable trial lengths for both choice alternatives. Table 2 shows the lid colours and contingencies for each monkey.
Results
Two out of three monkeys (P and H) showed a significant preference for A → B over A → [ ] (see Figure 2 ). All of monkey P's sessions in this experiment were significant, selecting A → B on 90%, 83.3%, and 73.3% of the trials (two-tailed binomial tests: p , 1.0 × 10 −5 , p , .001, p , .05, respectively). Overall, monkey P selected A → B on 82.2 + 8.4% of all trials across the 3 sessions (χ 2 : p , .001). All of monkey H's sessions were also significant, selecting A → B on 76.7%, 93.3%, and 86.7% of the trials (two-tailed binomial tests: p , .01, p , 1.0 × 10 −5 , p , .0001). Overall, monkey H selected A → B on 85.6 + 8.4% of trials across the 3 sessions (χ 2 : p , .001). Because monkey T did not have even 1 significant session in 10 sessions, we concluded that he did not have a preference. Monkey T selected A → B on average 51.1 + 10.2% of trials over his last 3 nonsignificant sessions (χ 2 : p . .5).
Discussion
For two monkeys, P and H, the preference for A → B over A → [ ] showed that B influenced the choice behaviour positively (or at least that the value of B was greater than the value of the short delay). And since A was more highly valued than B, both A and B (A → B) influenced the behaviour of these two monkeys positively, whereas, monkey T's behaviour appeared to be influenced only by A, with B being essentially ignored and thus having zero value. This result appears to provide more evidence for the selective value effect, in which a lower valued food item is ignored and holds zero value when in the presence of a higher valued item (Beran et al., 2009; Silberberg et al., 1998) , although in the current case, the effect occurred with the items presented sequentially rather than simultaneously.
Our results contrast with the peak-end findings in people in which participants significantly rated the experience higher when it was the highly valued reward in isolation (e.g., Do et al., 2008 ). In the current experiment, none of the monkeys showed a preference for A alone. This difference could be due to a true species difference in order . The y axis plots the mean percentage of trials that each monkey selected (A → B) from the first significant session to the third significant session. Error bars are standard errors of measurement, the dashed line at 50% is random performance, and asterisks represent each monkey's chi-squared (χ 2 ) p-value across the sessions: *p , .05, **p , .01, ***p , .001. Monkey T's result is the average and standard error of measurement over the final three nonsignificant sessions.
preferences. However, it is possible that differences in the testing procedures from that of the Do and colleagues' experiment could underlie the opposing results. In Do and colleagues' experiment, participants did not have a choice, and it is not certain that the subjects would choose the option that they would rate higher, especially with knowledge of both contingencies and experience selecting both alternatives. Conducting a choice paradigm in humans with repeated trials should help illuminate the factors influencing decision making and subjective value. In fact, interesting work with humans has shown that different results may be obtained between rating choice alternatives in isolation versus comparing them directly (Hsee, 1998; Hsee, Loewenstein, Blount, & Bazerman, 1999; Hsee & Zhang, 2004; List, 2002) . For example, Hsee (1998) found that a 24-piece dinnerware set was rated more highly than one with the same 24 pieces, plus several more pieces, including ones that were broken. However, this preference reversed when the two options were directly compared. One therefore might predict that when given a choice, people will tend to select the alternative with the largest overall utility when making a direct comparison between A → B and A alone, especially when a fixed delay is included to eliminate receiving a quick succession of As over trials (see Beran et al., 2009 ). However, in the Kahneman et al. (1993) study, in which a peak-end effect was found when placing one's hand into painfully cold ice water, and in the Redelmeier et al. (2003) study, in which people received colonoscopies, the participants were given a choice between two alternatives, and they still chose the option with more overall pain (less overall utility) that ended better. Thus, our results may also suggest a possible difference between humans and another primate species in that rhesus monkeys do not show a clear peakend preference, at least under our test conditions.
EXPERIMENT 3
We next attempted to determine the value of B in the B → A alternative, whether being positive, zero, or even negative. To do this, we presented the monkeys with a choice between B → A and A alone, with A being presented at the same delay. If the value of B was positive, B → A should be preferred; if zero, the monkeys should be indifferent to the two alternatives; if negative, A alone should be preferred.
Method
Specific procedure
The selection of one coloured lid resulted in the monkey receiving a half vegetable, followed 4 s later by a grape, denoted B → A. Selection of the other coloured lid resulted in a 5-s delay, followed by a grape, denoted [ ] → A. The 5-s delay ensured that the grape was given at the same delay for either choice alternative (1 s to hand the first food item and the 4-s delay between items). Table 3 shows lid colours and contingencies for each monkey.
Results
Two of the three monkeys (H and T) showed significant preferences for B → A over [ ] → A. Monkey H took 5 sessions to have 3 significant ones, selecting B → A on 80%, 76.7%, and 86.7% of the trials in the 3 significant sessions (twotailed binomial tests: p , .01, p , .01, p , .0001). Again, taking overall preference across all sessions from the first significant session to the last, Figure 3 ). Monkey T required 12 sessions to have 3 significant ones. In 3 consecutive sessions, monkey T selected B → A on 70%, 80%, and 83.3% of the trials (twotailed binomial tests: p , .05, p , .01, p , .001). Overall, monkey T selected B → A on 77.8 + 6.9% of trials across the 3 sessions (χ 2 : p , .001). Monkey P took 6 sessions to have 3 significant ones and showed the opposite effect, selecting B → A on 30%, 23.3%, and 16.7% of trials in the 3 significant sessions (two-tailed binomial tests: p , .01, p , .01, p , .0001). Overall, monkey P selected B → A on 26.7 + 8.6% of all trials across the final 4 sessions (χ 2 : p , .01). Thus, monkey P preferred [ ] → A over B → A.
Discussion
Since two of the monkeys (H and T) preferred B → A over [ ] → A, for them the food item represented by B, the half vegetable, was of positive value when in the first position (or at least some value higher than the delay). Thus, Experiments 2 and 3 showed that for monkey H, the value of B was positive (or at least greater than the corresponding delay value in the other alternative) whether in the first or last position, and thus preferences were based on the assessment of both food items. For monkey T, however, the value of B was dependent on position, with B having no value in the last position (Experiment 1), but positive value in the first position.
For monkey P, when B was in the second position in Experiment 2, it had positive value; however, when switched to the first position here, he preferred [ ] → A over B → A, showing that the impact of B actually became negative. Thus, for this set of food items, monkey P clearly preferred receiving the best item first (rather than last), even with A delayed and an overall lower amount of food in that alternative. This negative rendering of the value of B is comparable to the findings obtained by Beran et al. (2009) in which the value of a lower valued food item (apple pieces) became negative for chimpanzees when the item was offered simultaneously with a higher valued item (banana pieces). A difference with that finding is that in their study the negative value reverted to positive once the experimenters equalized the trial lengths between choice alternatives and lengthened the intertrial interval (ITI). Here, the result was obtained with equal trial lengths, although longer ITIs would be required to make a more direct comparison with their study. Another difference between studies is that our reward items were presented sequentially rather than simultaneously. Thus, the negation of the value of B due to A following it may also result from a strongly negative anticipatory contrast effect (Flaherty, 1996; Williams, 2002) , although this effect was typically found when responding during the B component decreased, which is a different testing paradigm from that in our study. A related possibility is that monkey P could be showing a specific flavour-flavour order preference whereby the consumption of the first item can affect the actual taste of the second one since he preferred receiving B if it came after A (Experiment 2) but not before (Experiment 1). Nonetheless, the preference found for monkey P Figure 3 . Experiment 3 results, with one canister giving a half vegetable followed 4 s later by a grape (B → A), and the other giving an initial delay of 5 s followed by a grape ([ ] → A). The y axis plots the mean percentage of trials that each monkey selected (B → A) from the first significant session to the third significant session. Error bars are standard errors of measurement, the dashed line at 50% is random performance, and asterisks represent each monkey's chi-squared (χ 2 ) p-value across the sessions: *p , .05, **p , .01, ***p , .001. does appear to be due to the order of the reward items and provides further evidence that there are contexts-in this case the particular order of certain food items-in which a positive outcome can be rendered negative for rhesus monkeys.
EXPERIMENT 4
To test how well the peak-first preference found in Experiment 1 generalized to other food items, we repeated Experiment 1 with two different food items. Because Experiment 1 showed that the monkeys preferred A → B over B → A, we hypothesized that the same preference for receiving the best item first would hold with the new food items.
Method
Subjects, materials, and procedure These were as listed under "General Method", except as described in the following section.
Specific procedure
Grapes were replaced with mini marshmallows, hereafter called marshmallows and denoted A 2 , and the half vegetables were replaced with a single Cheerio®, denoted B 2 . For all monkeys, the marshmallows were strongly preferred over Cheerios, and the Cheerios were readily eaten when offered alone. To verify monkey preferences, we first conducted one 10-trial session per monkey. All monkeys selected one marshmallow over one Cheerio on every trial. In addition, we conducted 3 to 4 trials of preference testing on monkey P between Trials 15 and 16-that is, in the middle of the session, during each of his three significant sessions to verify that his preference did not change: He selected the marshmallow on every trial.
Selection of one coloured lid resulted in the monkey receiving a marshmallow immediately, followed 4 s later by a Cheerio, denoted A 2 → B 2 . The other coloured lid gave one Cheerio immediately, followed 4 s later by a marshmallow, denoted B 2 → A 2 . Table 4 shows lid colours and contingencies for each monkey.
Results
Two of the three monkeys (H and T) showed a significant preference for A 2 → B 2 over B 2 → A 2 (see Figure 4 ). All three sessions for monkey H were significant, selecting A 2 → B 2 on 100%, 73.3%, and 93.3% of the trials (two-tailed binomial tests: p ,
, p , .05, p , 1.0 × 10 −5 ). Overall, monkey H selected A 2 → B 2 on 88.9 + 13.9% of trials across the three sessions (χ 2 : p , .001). All Note: Selection of one canister resulted in a Cheerio followed 4 s later by a mini marshmallow (B 2 → A 2 ), and selection of the other resulted in a mini marshmallow followed 4 s later by a Cheerio (A 2 → B 2 ). Figure 4 . Experiment 4 results, with one choice giving a mini marshmallow followed 4 s later by a Cheerio (A 2 → B 2 ), and the other giving a Cheerio followed 4 s later by a mini marshmallow (B 2 → A 2 ). The y axis plots the mean percentage of trials that each monkey selected (A 2 → B 2 ) from the first significant session to the third significant session. Error bars are standard errors of measurement, the dashed line at 50% is random performance, and asterisks represent each monkey's chi-squared (χ 2 ) p-value across the sessions: *p , .05, **p , .01, ***p , .001. three sessions for monkey T were also significant, selecting A 2 → B 2 on 90%, 100%, and 96.7% of the trials (two-tailed binomial tests: p , 1.0 × 10
). Overall, monkey T selected A 2 → B 2 on 95.6 + 5.1% of trials across the three sessions (χ 2 : p , .001). All three sessions for monkey P were also significant and showed the opposite effect, selecting A 2 → B 2 on 20%, 13.3%, and 26.7% of trials in three consecutive sessions (two-tailed binomial tests: p , .01, p , .0001, p , .05). Overall, monkey P selected A 2 → B 2 on 20 + 6.7% of trials across the three sessions (χ 2 : p , .001). Thus, monkey P's preference was for B 2 → A 2 over A 2 → B 2 .
Discussion
Overall, all three monkeys showed clear preferences. Monkey H and T once again exhibited a potential peak-first preference, suggesting that either (a) their choices were being influenced by only the first item received (thus, simply preferring A over B); or (b) receiving the best item first may be typically preferred by them, at least under these testing conditions. At the same time, with the two new food items, monkey P in fact showed a clear peakend preference, which we find quite interesting. There was no evidence that a Cheerio was ever valued more highly than a marshmallow for any of the monkeys (we in fact conducted three to four trials of preference testing on monkey P between Trials 15 and 16-that is, in the middle of the session, during each of his three significant sessions, and he continued to select the marshmallow on every trial). Thus this finding appears to reflect a true peak-end preference for this monkey. The result therefore suggests that not all monkeys are compelled to obtain the best item first and/or immediately, and that the actual preferred order depends on the food items, at least for some monkeys.
Two possible factors underlying this preference reversal for monkey P are flavour-flavour order preferences and the differential value between the two food items. First, as in Experiment 3, it was possible that the consumption of the first item affected the actual taste of the second one, with the Cheerio being preferred before the marshmallow. Second, the differential value between the two food items might have caused the preference reversal. The difference in value between grapes and green beans might be much larger than that between marshmallows and Cheerios, causing a peak-first preference in the former case, but not in the latter. It would be important to determine in the future whether the relative differences between the two food items can reliably predict a peakfirst or peak-end preference. Flaherty, Turovsky, and Krauss (1994) did find that the effect of the second sweetened solution on the licking response of rats to the first solution depended on the relative value of the two rewards; however, their results appeared to be the opposite of ours. In their study, when the first reward was significantly lower than the second, a facilitation effect occurred on the first, whereas, as the reward value of the first increased and became closer to the level of the second, a negative contrast occurred. We, however, appeared to obtain the opposite effect with monkey P, such that when the first item was significantly lower than the second, the negative effect of the second item on the first increased. Further research will need to characterize the effects of the relative value of the two items on choice behaviour.
EXPERIMENT 5
In Experiment 1, all three monkeys exhibited a peak-first preference; however, it was not yet clear whether that preference was due to order per se, or whether it was driven by an impulsive tendency to receive the best item as soon as possible. Put differently, delay discounting theory would predict a preference for A → B over B → A, because the higher value A would be significantly reduced when delayed (Ainslie, 1975; Green, Fry, & Myerson, 1994; Logue, 1995; Rachlin & Green, 1972) . We therefore conducted our final experiment to test for the influence of order itself, independent of potential effects due to delay discounting. For this test, we again offered the choice between A → B and B → A, but with a delay added before receiving the A → B outcome, so that the delay to receiving A was identical in both alternatives. Delay discounting theory should now predict a preference for the B → A alternative, since B is received immediately, and A is received at the same time as the identical first item A in the alternative. If, in contrast, the monkeys have a true order preference that is separable from the effects of delay discounting, then even with the added delay, A → B would still be preferred.
Method
Subjects, materials, and procedure These were as listed under "General method".
Specific procedure
Selection of one coloured lid resulted in the monkey receiving a half vegetable, followed 4 s later by a grape, which was then followed by a 4-s delay, denoted B → A → [ ]. The final delay was necessary to ensure a comparable trial length for both contingencies. The second coloured lid gave an initial 5-s delay to match the exact overall delay to receive the grape in the first choice alternative, followed by a grape, followed 4 s later by a half vegetable, denoted [ ] → A → B. Table 5 shows lid colours and contingencies for each monkey.
Results
As shown in Figure 5, 
Discussion
If the monkeys' choices had been based on how quickly they could obtain the rewards, they would have preferred B → A → [ ], because the overall Error bars are standard errors of measurement, the dashed line at 50% is random performance, and asterisks represent each monkey's chi-squared (χ 2 ) p-value across the sessions: *p , .05, **p , .01, ***p , .001. Monkey T's result is the average and standard error of measurement over the final three nonsignificant sessions.
outcome was delivered sooner than [ ] → A → B. This was not the case for any of the monkeys. Two of them (P and H) showed a clear preference for [ ] → A → B. Although it is possible that the delay in the last position could have had a stronger, negative influence on choice than that in the first position, causing the two monkeys to avoid B → A → [ ], it seems unlikely since Experiment 1 showed that the first position was more important than the last. Thus, monkeys P and H again exhibited a clear peak-first preference even when the items were received later in time. These results cannot be fully explained by delay discounting or risk aversion, and they provide evidence that order itself influenced the choices of these two monkeys.
Monkey T's indifference to the two alternatives suggests that the value of both Bs were equivalent for him, being either zero (or at least equal to the delay values) or some positive value. Because monkey T's results in Experiment 3 showed that the value of B in B → A was positive, they suggest that both Bs may be equally positive. Thus, for monkey T, it appeared that when A was immediate, it controlled his behaviour, such that B was in fact ignored (Experiment 2). However, when A was delayed (both Experiments 3 and 5), monkey T was then influenced by B, when in either first or last position. His indifference between B → A → [ ] and [ ] → A → B, however, makes it unclear whether he was influenced by order, other than being exceptionally impulsive with the higher valued food item.
GENERAL DISCUSSION
People appear to show a general peak-end preference, and we tested rhesus monkeys to see whether they showed an order preference. Based on our limited sample of 3 individuals, we found no evidence for a consistent peak-end preference. Most often, rhesus monkeys chose the option that provided the greatest good first: a peak-first preference. In a series of tests that explored this finding, we could rule out a simple account of our result in terms of delay discounting (Experiment 5), a consistent neglect of the lesser good (Experiment 2 and 3), or a specific relationship between the two goods tested in the main experiment (Experiment 4). Such factors seem to contribute to individual variation. One monkey (T), for example, neglected the lesser good when it was presented after a greater good and was indifferent to order when the delay of the greater good was the same. Another monkey (P) preferred the greater good first for familiar goods, but had the opposite preference for the more novel goods. These factors produce individual variation in the experiments, but they do not account for the main result: the lack of a consistent peak-end preference. These findings suggest that humans and rhesus monkeys value sequences of goods differently and point potentially to the importance of subsequent adaptations in food order preferences after apes diverged from other catarrhine primates roughly 25 million years ago.
Although a species difference may exist between humans and rhesus monkeys for valuation of sequential rewards, more studies are necessary both with humans and with nonhuman animals to clarify potential differences. As opposed to the Do et al. (2008) experiments, our study was conducted with the same subjects over repeated trials. It is possible that the human findings would change if they were given more experience with the outcomes and tested in a repeated-choice paradigm (Hayden & Platt, 2009 ). As discussed above, there is evidence that forecasted preferences do not always match up with the subjective experience of the outcomes (Wilson & Gilbert, 2005) , and preferences may change depending on particular test conditions (see, e.g., Mantonakis, Rodero, Lesschaeve, & Hastie, 2009; Rode, Rozin, & Durlach, 2007) , such as whether the alternatives are considered in isolation or in direct comparison (Hsee, 1998; Hsee et al., 1999; Hsee & Zhang, 2004; List, 2002) . Nonetheless, the peak-end phenomenon has been obtained with humans using a choice paradigm, thus resembling the present experiment Redelmeier et al., 2003) . In any case, it is clear that future experiments will need to test a diversity of species under more similar conditions to behaviour. Future work should continue to determine the conditions under which factors such as reward order, risk, and delay discounting differentially influence decision making.
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